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SOLAR ENERGY CONCENTRATOR 
APPARATUS FOR BIFACIAL 
PHOTOVOLTAIC CELLS 

This invention relates to solar energy concentrator sys 
tems which serve to maximize the amount of incident solar 
radiation that is received by a collector element. 

BACKGROUND OF THE INVENTION 

Over the past two decades or so, as the desire to utilize 
solar energy as a viable source of power has grown, a great 
many solar energy concentrator systems have been devel 
oped. The design of these systems range from the relatively 
simple, such as a ?at-plate collector array which tracks the 
path of the sun, to the considerably more complex. Indeed, 
the advent of the bifacial photovoltaic cell (or systems which 
place single-sided cells back-to-back) has led to an even 
greater variety of concentrator systems that attempt to 
maximize the amount of solar energy which strikes both 
sides of a collector element simultaneously. Many of the 
systems which exist today, however, are either wholly 
inadequate to adapt to a two-sided collector element, or have 
proven to be so complex that they necessarily carry high 
initial costs and substantial maintenance expenses. 

The ?rst category of related prior art includes ?at plate 
collector element systems which remain perpendicular to the 
sun’ s angle of incidence through the use of tracking systems. 
Indeed, there are a number of widely-accepted tracking 
systems now employed by this industry since they have 
proven to be quite reliable and ef?cient in their operation. 
However, the ?at-plate collector designs have their draw 
backs in that only one side of a collector element may 
receive incident solar radiation at a time. Accordingly, these 
systems would be clearly inadequate with regard to the 
efficient operation of bifacial photovoltaic cells. 

Other prior art designs in this industry include those 
which employ curved re?ector surfaces. While such a design 
may improve the e?iciency with which both sides of a 
bifacial photovoltaic cell receive incident solar radiation, it 
inevitably requires a much higher manufacturing cost as 
well. 

Additional designs which have been disclosed include 
those which employ multiple, relatively large re?ector sur 
faces for each individual collector element. Other systems 
incorporate an additional transmissive material adjacent the 
collector element for optional internal refraction. Still others 
require a complex array of pyramidal re?ecting surfaces to 
surround a collector element and precisely focus the incident 
solar radiation. All of these systems, however, are fairly 
complex designs which carry substantial manufacturing 
costs as well as signi?cant installation/replacement costs. 

What is needed in this ?eld of art is a relatively simple, 
lightweight, yet rigid solar energy concentrator apparatus 
which maximizes the amount of solar radiation received by 
both sides of a bifacial photovoltaic cell or the collector 
elements of two single-sided cells placed back-to-back. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a solar energy 
concentrator system comprising a lightweight cell support 
structure connected to a corrugated re?ector surface which 
is maintained at a 90° angle to the sun’s angle of incidence 
by any one of the industry-standard tracking systems avail 
able on the market today. The cell support structure main 
tains the position of a bifacial photovoltaic cell array in 
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2 
relation to the corrugated re?ector surface whereby both 
sides of such collector element receive either direct or 
re?ected solar radiation at a 90° angle. The re?ective surface 
is of a simple, one-piece design comprising multiple 
V-shaped sections having internal angles of 90°. The cell 
support structure is an open—grid type which connects the 
upper and lower points of the corrugated re?ector surface in 
order to maintain the proper radiation-receiving position of 
the bifacial photovoltaic cells. 
The present invention distinguishes itself from the prior 

art by providing a relatively low-cost solar energy collector 
apparatus which employs the ef?cient operation of an indus 
try-standard tracking system. This system avoids the rela 
tively complex designs normally associated with, bifacial 
solar energy collector devices and takes advantage of exist 
ing tracking technology which has proven quite e?iective. 

It is therefore a general object of the present invention to 
improve bifacial photovoltaic cell e?iciency by simulta 
neously exposing both faces of the cell to the rays of the sun 
at 90° angles. 

More speci?cally, it is an object of the present invention 
to provide a very light, yet rigid structure which operates in 
conjunction with an industry-standard tracking system to 
accept incident solar radiation at 90° angles to both sides of 
a bifacial photovoltaic cell. 

Another object of the present invention is to minimize the 
manufacturing, installation, and maintenance costs associ 
ated with solar energy concentrator systems while also 
increasing the savings associated with improved cell con 
version capacity. 

In another one of its aspects, it is an object of the present 
invention to allow water to circulate through the bottom 
channels of the corrugated re?ector surface to both cool the 
photovoltaic cells, and to provide warm water for any 
number of desired end users. 

Further objects and advantages of the invention will 
become apparent to those of ordinary skill in the pertinent art 
upon review of the following detailed description, accom 
panying drawing, and appended claims. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a perspective view of one embodiment of the 
invention wherein the photovoltaic cells are mounted in a 
vertically-oriented position. 

FIG. 2 is a side sectional view of the embodiment shown 
in FIG. 1. 

FIG. 3 is a side sectional view of the embodiment shown 
in FIG. 1, illustrating both the angles of incidence and the 
angles of re?ection of the incident solar radiation with 
respect to both the re?ective surfaces and the vertically 
oriented photovoltaic cells. 

FIG. 4 is a perspective view of another embodiment of the 
invention wherein the photovoltaic cells are mounted in a 
horizontally-oriented position. 

FIG. 5 is a side sectional view of the embodiment shown 
in FIG. 4. 

FIG. 6 is a side sectional view of the embodiment shown 
in FIG. 4, illustrating both the angles of incidence and the 
angles of re?ection of the incident solar radiation with 
respect to both the re?ective surfaces and the horizontally 
oriented photovoltaic cells. 

DETAILED DESCRIPTION OF THE DRAWING 

FIG. 1 discloses a solar energy concentrator apparatus, 
indicated generally at 1, including a corrugated re?ector 



5,538,563 
3 

sheet 2, an open-grid support structure 3, a base plate 4, a 
pivot means 7, and an array of bifacial photovoltaic cells 5 
mounted in a vertically-oriented position. Rigidity of the 
concentrator apparatus 1 is enhanced by securing the cor 
rugated re?ector sheet 2 to the upper surface of the base 
plate 4 along bottom points 12. 
The open-grid support structure 3, as indicated in FIG. 1, 

is comprised of numerous individual bracket members 20 
which serve to secure the bifacial photovoltaic cells 5 in 
their vertically-oriented position with respect to both the 
corrugated re?ector sheet 2 and the base plate 4. Bracket 
members 20 are arranged at 90° angles with respect to each 
other and are affixed to the corrugated re?ector sheet 2 at the 
sheet’s bottom points 12 and top edges 14. Bracket members 
20 intersect at vertical peaks 13 of the bifacial photovoltaic 
cells 5 and ensure that the cells are securely maintained in 
their proper position. Pursuant to the present invention, a 
pivot means 7 is also provided to allow the concentrator 
apparatus 1 to operate in conjunction with one of the many 
industry-standard tracking systems available on the market. 
Pivot means 7 permits the apparatus to follow the path of the 
sun and remain at a right angle with respect to the rays of 
incident solar radiation. 

Turning now to FIG. 2, a side sectional view of the 
embodiment disclosed in FIG. 1 is shown whereby the exact 
position of the bifacial photovoltaic cells 5 within each 
V-shaped concentrator section 10 of the corrugated re?ector 
sheet 2 is indicated. Each bifacial photovoltaic cell 5 bisects 
the internal 90° angle of its respective V-shaped concentrator 
section 10 resulting in a 45° angle between each face of the 
cell and the adjacent inward facing surface 11 of the con 
centrator section 10. Each bifacial photovoltaic cell 5 
extends vertically upward from a bottom point 12 of the 
re?ector sheet 2 to a vertical peak 13. This bottom point 12 
is constructed so as to create a watertight seal to allow water 
to circulate along the bottom edges of the bifacial photo 
voltaic cells 5. The vertical height of each cell 5, designated 
by the letter X in FIG. 2, is equal to the horizontal distance 
between the vertical peak 13 of the cell and an adjacent top 
edge 14 of the corrugated re?ector sheet 2. Inward facing 
surfaces 11 are of a re?ective material having the capability 
to substantially completely re?ect incident solar radiation. 

FIG. 3 illustrates the angles of re?ection of incident solar 
radiation 6 with respect to both the inward facing surfaces 11 
and the vertically-positioned bifacial photovoltaic cells 5. In 
accordance with the present invention, the entire concentra 
tor apparatus 1 is intended to remain substantially perpen 
dicular to the rays of incident solar radiation 6 during 
operation. This, of course, will be accomplished through the 
associated use of one of the many industry-standard tracking 
systems available in the market. Accordingly, the incident 
solar radiation 6 will re?ect off of the inward facing surfaces 
11 and subsequently strike the bifacial photovoltaic cells 5 
at a 90° angle. Since the vertical height of the inward facing 
surfaces 11 is equal to the vertical height of the bifacial 
photovoltaic cells 5, the total surface area of both sides of the 
cell will be activated by the rays of incident solar radiation 
6. 
The embodiment of the invention shown in FIG. 4 illus 

trates an optional con?guration of the solar energy concen 
trator apparatus, indicated generally at 1, whereby the bifa 
cial photovoltaic cells 5 are mounted in a horizontal 
position. This con?guration does not require any changes to 
the arrangement of the corrugated re?ector sheet 2, the 
open-grid support structure 3, or the base plate 4. Indeed, the 
bracket members 20 are designed to accept and secure an 
array of bifacial photovoltaic cells 5 in either a horizontal or 
vertical position without any additional structural changes. 
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4 
FIG. 5 is a side sectional view of the embodiment shown 

in FIG. 4 and illustrates the exact placement of a horizon 
tally-positioned bifacial photovoltaic cell 5 within a single 
V-shaped concentrator section 10. The cells are supported by 
the bracket members 20 and extend horizontally from a top 
edge 14 of the V-shaped concentrator section 10 to the 
vertical peak point 13. The cells are adjacent to only one 
inward facing point 13. The cells are adjacent to only one 
inward facing surface 11 of each V-shaped concentrator 
section 10 and are disposed at a 45° angle thereof. This 
arrangement leaves intact the unoccupied, horizontal space 
which is adjacent to this bifacial photovoltaic cell 5 and 
immediately above the other inward facing surface 11 of this 
V-shaped concentrator section 10. 

Turning to FIG. 6, one can observe the re?ected angles of 
incident solar radiation 6 with respect to the inward facing 
surfaces 11 and horizontally-mounted bifacial photovoltaic 
cells 5. Following this design, incident solar radiation 6 will 
again strike both surfaces of the bifacial photovoltaic cell 5 
at a 90° angle. The top surface of the cell accepts the sun’s 
rays directly, while the bottom surface receives them after 
they have been re?ected o? of both inward facing surfaces 
11 associated with that V-shaped concentrator section 10. 
Speci?cally, incident solar radiation 6 passes through the 
unoccupied, horizontal space which is adjacent the bifacial 
photovoltaic cell 5 and strikes the corresponding inward 
facing surface 11. The rays are re?ected at 90° toward the 
opposite inward facing surface 11 where they are subse 
quently re?ected another 90° to perpendicularly strike the 
bottom surface of the bifacial photovoltaic cell 5. 
While the present invention has been illustrated in some 

detail according to the preferred embodiment shown in the 
foregoing drawings and description, it will be apparent to 
those skilled in the pertinent art that variations and equiva- ' 
lents may be made within the spirit and scope of that which 
has been expressly disclosed. Accordingly, it is intended that 
the scope of the invention be limited solely by the scope of 
the hereafter appended claims and not by any speci?c 
wording in the foregoing description. 

I claim: 
1. A solar energy concentrator apparatus for simulta 

neously directing incident solar radiation to the two collector 
faces of a bifacial photovoltaic cell means, which comprises: 

(a) a re?ector sheet, said sheet de?ning a plurality of 
generally equally-sized and generally adjoining 
V-shaped concentrator sections, each concentrator sec 
tion having a 90-degree, upward-facing internal angle 
and two inward-facing surfaces adjacent to said internal 
angle, said inward-facing surfaces being re?ective of 
incident solar radiation and adapted to be oriented at a 
45-degree angle to the sun’s rays; 

(b) a substantially planar supporting base plate having a 
length and width substantially equal to those of said 
re?ector sheet, said sheet being mounted to said base 
plate whereby said V-shaped sections are aligned in 
parallel relation to each other and the bottom apex of 
each V-shaped section is secured to the upper surface of 
said base plate; 

(c) at least one bifacial photovoltaic cell means, compris 
ing either a bifacial photovoltaic cell or two single 
sided photovoltaic cells placed back-to-back; and 

(d) an open-grid support structure consisting of horizontal 
bracket members arranged in parallel fashion to said 
base plate and further arranged in equally-spaced rows 
and columns to form a plurality of substantially square 
cell frames, each of said frarnes capable of securely 
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accommodating one said bifacial photovoltaic cell 
means, said structure further comprising vertical brack 
ets, an upper end of each said vertical bracket con— 
nected to an intersecting point of said horizontal 
bracket members and a lower end of each said vertical 
bracket connected to said base plate at a point where 
said bottom apexes are also secured to said base plate, 
an area de?ned between adjacent vertical bracket mem 
bers capable of securely accommodating one said bifa 
cial photovoltaic cell means, said structure supporting 
each of said bifacial photovoltaic cell means in one of 
two ways: 1) in a substantially vertical plane which 
bisects said internal angles and is parallel to the sun’s 
rays, wherein a bottom edge of each said bifacial 
photovoltaic cell means nests at a bottom apex of a 
V-shaped concentrator section and a vertical height of 
said inward-facing surface is substantially equal to a 
height of said bifacial photovoltaic cell means as 
installed; or 2) in a substantially horizontal plane, 
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which includes a vertical apex of one said inward 
facing surface and is perpendicular to the sun’s rays, 
wherein one edge of said bifacial photovoltaic cell 
means is joined to said vertical apex and an opposite 
edge of said bifacial photovoltaic cell means is 
inwardly positioned from said vertical apex at a point 
in substantial vertical alignment with said bottom apex 
of respective V-shaped concentrator section. 

2. The solar energy concentrator apparatus of claim 1, 
further comprising pivot means whereby said base plate is 
rotated to remain perpendicular to the angle of incidence of 
the incoming solar radiation. 

3. The solar energy concentrator apparatus of claim 1, 
whereby said bottom apexes of V-shaped concentrator sec 
tions form watertight seals so as to allow water to circulate 
along said bottom edges of said cells. 
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